We developed two lines of guinea pigs , one as model animals for bronchial asthma with bronchial hypersensitivity and the other with hyposensitivity as a control. In the last four years, the bronchial hypersensitive line (BHS) and hypo sensitive line (BHR), both derived from Hartley strain guinea pigs , have been selec ted by using bronchial reactivity to acetylcholine and to histamine as parameters . Both lines have reached the F6 generation. The following results were obtained with the two lines : 1) Sib and cous in matings, and mating of selected consangui neous individuals were adopted in breeding BHS and BHR . The breeding started with six families, each, but in the F6 generation the number of families decreased to two in each line. 2) Appearance rates of hyper-or hyposensitivity to acetylcholine and histamine increased with successive generations in both lines, which had been completely separated by the F6 generation. 3) Coefficients of inbreeding in BHS and BHR in the F6 generation ranged from 42% to 45% in the former and 42% in the latter. 4) Heritabilities (h2) of BHS and BHR for the appearance rates of sensitivity to acetylcholine were presumed to be 0.54 in the former and 0 .69 in the latter. 5) No difference in the body weight of 0, 20, and 40 day-old BHS was observed in any generation. On the other hand, the body weight of 20 and 40 day-old BHR tended to decrease with successive generations. 6) Mean litter sizes of BHS and BHR in each of the generations ranged from 2 .24 to 3.47 animals in the former and from 2.63 to 3.38 animals in the latter. Mortality to 40 days after birth in BHS and BHR in each of the generations ranged from 21 .4% to 37.5% in the former and from 14.3 % to 36.5% in the latter.
Bronchial asthma is characterized by incre ased responsiveness of the trachea and bron chi to various stimuli, and narrowing of the airway [11. The severity of the disease may change during its course, either spontaneosly or as a result of therapy [7, 8] .
However, it remains unclear whether bron chial sensitivity is congenitally determined or acquired after birth. Asthma has been known since the time of Hippocrates, or the fourth century B. C. [18] .
Dispite its long history, therapy for the disease is extremely difficult because of the lack of knowledge regarding its pathogenesis. In recent years, the number of asthmatic patients has been increasing stea dily. Nearly 7% of the population of the Uni ted States [12] and 2-5% in Japan [11] are reported to be suffering from this disease.
Therefore, we attempted to breed an animal model for bronchial asthma with genetically constant bronchial hypersensitivity, and deve loped two lines of guinea pigs, one with bron chial hypersensitivity and the other with hypo sensitivity as a control.
The bronchial hypersensitive line (BHS) and bronchial hyposensitive line (BHR) have been selected by using bronchial reactivity to acetyl choline and histamine as parameters, starting from a guinea pig colony with a large range of genetic variation [15] .
Both lines have been now reached the F6 generation, and they have been observed to diverge in two directions.
Materials and Methods
Experimental animals : Four-week-old spe cific pathogen-free (SPF) Hartley guinea pigs of both sexes were purchased from Hitachi Animal Research Institute, Co., Ltd., Ibaragi, Japan, in January 1987.
Throughout the experiments, the animals were kept in polycarbonate cages (740mm L X 450mm W X 230mm D) with autoclaved wood shavings and hay on the floor. The animals were maintained in an air-conditioned animal room with a room temperature of 21±1 t and relative humidity of 55± 10%, under artificial lighting for 12 hours from 7:00 a. m. to 7:00 p. m., and a continuous flow of fresh air filtered through a microfilter (Shinwa Tec Co., Tokyo, Japan) was supplied horizontally from the ceil ing. All animals were given free access to a standard commercial diet (GOC-4, Oriental Yeast Co., Tokyo, Japan) and tap water th roughout the experimental period.
Drugs : Acetylcholine chloride (ACh, Dai ichi Seiyaku Co., Tokyo, Japan) and histamine dihydrochloride (Hist, Nakarai Chemical Co., Kyoto, Japan) were dissolved in physiological saline just prior to use.
Inhalation, assessment and selective bre eding : Our usual method [13] [14] [15] was followed. Namely, each guinea pig was placed in a glass receptacle (volume, 101), and exposed to ACh or Hist using a glass nebulizer (nebulizing vo lume, 0. lml/min, particle size 6.2-21.8pm, mean diameter, 14.7 p m, Nippon Shoji Co., Osaka, Japan) connected to a compressor (air delivery, 61/min, Nippon Shoji Co., Osaka, Japan). Inhalation was performed in a room where the same conditions were maintained as in the animal room in order to avoid envi ronmental changes. Inhalation and assessment of all animals in each generation were perfor med once a week, first at the age of 8 weeks with ACh and then at 9 weeks with Hist [14] . The animals were weaned at 3-5 weeks of age (after reaching at least 150g body weight). Sensitivity was expressed by the time interval from the start of inhalation to prostration caused by the drugs (time needed to produce falling down, TNPFD, in seconds) because a correlation was found between TNPFD and dose threshold [141.
When selective breeding started, TNPFD to 0.08% ACh and 0.025% Hist was 377±33 seconds and 233±9.5 seconds (mean ± standard error), respectively, in the original strain (n = 60). Therefore, guinea pigs with a TNPFD of under 150 seconds to ACh and Hist were regar ded as the bronchial hypersensitive line (BHS), while those with a TNPFD not less than 600 seconds to ACh and 350 seconds to Hist were regarded as the bronchial hyposensitive line (BHR) in the F2-F6 generations. However, the animals with a TNPFD under 196 seconds to ACh and 175 seconds to Hist were used as BHS, and those with a TNPFD not less than 534 se conds to ACh and 312 seconds to Hist were used as BHR in the P generation.
All females of both lines were mated to obtain many new borns in the F1 genaration. We used the results of sensitivity to ACh in performing the coat ings.
Mating system : Because inbreeding depres sion and sex inclination of litters are well known in guinea pigs, full and half-sib coat ings, cousin mating, and mating with selected consanguineous individuals were employed to prevent expiration of the pedigree. After the guinea pigs were tested for bronchial sensiti vity to ACh and Hist, they were used for bree ding from the age of 10 weeks. One male animal was mated with one to six female animals. Each female animal was paired with a male animal one to three times.
Presumption of realized heritability : In order to determine the involvement of genetic factors in specific characteristics such as bron chial sensitivity, the presumption of heritabi lity was made. This was done by the method of selection response because the bronchial sen sitivity of guinea pigs to ACh and Hist expo sure had the characteristic of a threshold res ponse. Namely, realized heritability in reacti vity to ACh was calculated by the method of Lush et al. [10] from the ratio of selection response to selection differential until the F 2 generation.
Other items of investigation : Pedigree, coefficient of inbreeding by the method of Wright [19] , body weight, litter size and mor tality were investigated in each generation. Body weight and mortality were calculated from the results obtained until 40 days after birth.
Results
The pedigree of BHS is shown in Fig. l . Selection pressure on BHS was potentiated by obtaining many newborns in the F2 generation. Selective breeding was repeated until the F 6 generation. Furthermore, the six families at the starting time decreased to two families in the F6 generation because individual animals and families with poor results were excluded.
The pedigree of BHR is shown in Fig. 2 . Selection pressure was less in BHR than BHS because of the smaller number of animals in the F2 generation.
The six families at the starting time decreased to two families in the F6 generation.
Changes in the appearance rates of sensi tivity to ACh exposure from the F 1 to F6 gene rations of both lines are shown in Fig. 3 . The appearance rate for the F2 generation of BHS was 57.6%. That for BHS was 100% in the F6 generation. On the other hand, the appearance rates for BHR in the F2, F4, F5 and F6 genera tions were 47.8%, 57.6%, 93.8% and 100%, respectively. Thus, appearance rates in both of the lines increased with successive generations.
Changes in appearance rates for both lines to Hist from the F1 to F6 generations are shown in Fig. 4 (Figs. 3 and 4) . No change in bronchial sensi tivity was observed in the original strain from [1987] [1988] [1989] [1990] .
Coefficients of inbreeding and realized heritabilities of both lines are shown in Table  1 . Coefficients of inbreeding for the F2, F3, F4, F5 and F6 generations of BHS and BHR were 0% and 0-25% (F2), 25% and 25-37% (F3), 31-38% and 38-41% (F4), 39-42% and 39% (F5), and 42-45% and 42% (F6), respec tively. Realized heritabilities (h2) for BHS and BHR to ACh were presumed to be 0.54 and 0.69, respectively.
Changes in the body weights of 0-40-dayold BHS and BHR in each generation are shown in Table 2 . No difference was observed in the body weights of either sex in 0-40-day-old in the former and 14.3-36.5% in the latter.
There were large variations in mortality with no clear tendency observed.
Discussion
The authors [13, 15] have already investi gated differences in bronchial sensitivity in various experimental animals and strains of guinea pigs. Based on these results, we atte mpted to breed model animals with constant bronchial hypersensitivity, using those with hyposensitivity as controls, because the diag nosis of human bronchial asthma involves tes ting for bronchial hypersensitivity. In the past four years, guinea pigs have been selected for bronchial hyper-and hyposensitivity to ACh and Hist exposure, and both lines have reached the F 6 generations.
Guinea pigs have been widely used as models for bronchial asthma or allergies because of their bronchial hypersen sitivity and the ease with which allergic reac tions and antibody production to allergens can be indiced [2, 6, 16] .
There are very few reports of breeding guinea pigs to establish model animals. Lund berg [9] reported that selective inbreeding of albino guinea pigs for approximately 24 genera tions by sib mating resulted in two strrains, registered as IMM/S and IMM/R, that showed high and low responsiveness, respectively, to ovalbumin-induceed respiratory anaphylaxis.
The two strains of guinea pigs differed in their ability to be immunized by the inhalation of antigen and to produce antibodies, as well as in their susceptibility to respiratory anaphy laxis. In 1932-34, Scheibel [16] developed by selection and inbreeding until the F 6 genera tions guinea pigs that showed different res ponses as determined by diphtheria antitoxin production.
Takino et al. [17] developed two lines of guinea pigs from a closed colony until the F10 generation.
One was sensitive and the other was insensitive to chemical mediators and anaphylaxis.
The [3, 5 ] . As the inbreeding of guinea pigs is known to pose various difficulties, we employed full and half-sib matings, cousin mating, and ma ting by selected consanguineous individuals to prevent expiration of the pedigree. BHS and BHR have been separated along two directions to the F6 generation. This separation was pos sible because selection pressure was potentiated by obtaining many newborns. We speculate that relatively few genes are active in controling bronchial sensitivity because separation into two lines was accomplished in the earlier gene rations of selective breeding. The coefficients of inbreeding for BHS and BHR in the F6 generation were found to be 42-45% and 42%, respectively, and these values increased with successive generations in both lines. Each of the lines in the F6 generation consisted of two families because a reduction in the number of families was intended in the selective breeding. Heritabilities (h2) of the appearance rate of sensitivity to ACh, calcula ted by the method of Lush et al., were presumed to be 0.54 and 0.69 in BHS and BHR, respectively.
In a study concerning heritability in guinea pigs, Dillard et al. [4] calculated the realized heritability and genetic correlations among various growth parameters in guinea pig lines with high and low body weights. However, the heritability of characteristics specific to guinea pigs has not been reported except for the pre sent study.
Body weights of 0-40-day-old male and female BHS guinea pigs showed no differences in any of the generations. On the other hand, BHR showed a tendency for body weight to decrease. Inbreeding depression for body weigh. tis generally known in laboratory animals Our results with guinea pigs seem to be similar tothose reported in mice and rats.
The litter sizes of each generation varied within the range of 2.24-3.47 animals in BHS and 2.63-3.38 animals in BHR. Litter size was not related to generation.
Large variations were seen in mortality in both lines.
By using animals models like ours for human diseases, researchers will be able to obtain data that would be difficult to obtain in humans. The animals of both lines described in this report should be further tested for bio logical characteristics other than bronchial sensitivity. 
